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Basis for Specification LCO 4.1.8

An unexpected and/or unexplained change in the observed core
reactivity could be indicative of the existence of potential safety
problems or of operational problems. Any reactivity anomaly greater
than 0.01 aK would be unexpected, and its occurrence would be
thoroughly investigated and evaluated. The value of 0.01 Ak is
considered to be a safe 1imit since a shutdown margin of at least
0.01 ak with the highest worth rod pair fully withdrawn is always
maintained (see LCU 4.1.2).

Specification LCO 4.1.9 - Core Region Temperature Rise, Limiting
Condition for Operation

Whenever core inlet orifice valves are set for equal region
flows, the total circulator flow rate shall be above the minimums
given in Figure 4.1.9-1 (at the appropriate helium density and
power level). Whenever the core inlet orifice valves are set at
any positions other than for equal region flows, the measured
helium coolant temperature rise through any core region shall not
exceed the limits given in Figure 4.1.9-2 (at the appropriate
helium density and power level).

If the measured helium coolant temperature rise exceeds the
allowable limits or the minimum total circulator flow rate is not
availacie, immediate corrective action shall be taken. If this
corrective action is not successful within fifteen (15) minutes,
an immediate orderly shutdown shall be initiated.

When the reactor is already shutdown and it is necessary to
terminate the helium flow for short time periods, the amount of
thermal energy from fission product decay must be sufficiently
low to prevent the average core temperature from exceeding 760°F

during the period of no flow.



Fort St. Vrain #]
Technical Specifications
Amendment

Page 4.1-15

Basis for Specification LCO 4.1.9

The intent of this specification is to assure that there is an
adequate helium coolant flow rate through all core coolant channeis,
particularly for low power and flow conditions. This is accomplished
by specifying either a minimum total circulator flow rate, or a
maximum core region coolant temperature rise for varicus thermal
pow.~ levels (including power from decay heat).

Very Tow helium coolant flow rates may result in laminar flow
conditions with resultant high friction factors and low heat transfer
film coefficients and potential for possible local helium flow
stagnation, which could result in excessive fuel temperatures.

The minimum total circulator flow and maximum core region helium
temperature rise 1imits have been developed bas>d upon a number of
conservative assumptions. The maximum column to region average power
peaking factor was assumed to be 1.61 which is consistent with LCO 4.1.3.
The analysis for full density conditions assumed the maximum permissible
primary coolant inventory of 107.5% specified in LCO 4.4.1. The analysis
was performed for each power level at a core inlet temperature of 100°F,
and then in increments of 50°F up to 750°F. The most restrictive of
these calculations at each power level were utilized to form the limits.
Model uncertainties and measurement errors were factored into the
analysis.

Even with the reactor shutdown, some helium coolant flow must Le
provided to remove the heat from fission product decay. The flow must
be sufficient to prevent the helium inlet temperature from 2xceeding
760°F to prevent damage to the reactor internals. ff the flow is
terminated for short periods and the average core temperature does not
exceed 760°F, the helium inlet temperature will be acceptable when the

flow is resumed.



Figure 4.1.9-1
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Figure 4.1.9-2
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SUMMARY

The reactor operating limit to prevent laminar flow instability in the
reactor core, LCO 4.1.9 of the Technical Specifications, was reviewed. Non-
conservative errors and omissions in the development of the original limit were
found, and as a result new operating limits have been defined. The new limits
are more restrictive than the current operating limits, and will necessitate
incorporation of the modification to the limit recommended in References 1 and
2 for reactor startup. This modification permits the opening of 2-10 orifices
from the uniform flow positions, provided the reducticn in flow in the other
regions is offset by an increase in total core f ow.

A remaining concern in the laminar f.ow instability limit, which has been
adversely affected by the new, more restrictive curves, is the violation in
this limit following a reactor scram or rapid reduction to low power operation.
It is believed the only way to prevent this violation is to increase the time
for successful corrective action from 15 minutes to about 2-3 hours. This
would provide the reactor operator with sufficient time to stabilize the plant
from the transient, and then later to adjust the orifices back to the uniform

flow positions. Justification to increase the time for successful corrective
action would require additional analysis.

INTRODUCTION

The onset of laminar flow instability occurs when the change in pressure
drop with mes flow rate becomes negative. The potential for laminar flow
instability in a HTGR reactor .ss studied by Boyack (Reference 3). Based on
his work, a limit of FSV reactor cperation was developed which related the
permissible region temperature rise to reactor power (Reference 4). Subse-
quently, additional analysis was performed to define the operating limit in
terms of minimum reactor flow vs, reactor power (see Reference 5). This limit
was easier to meet, which was necessary for operation up to about 5% power.

However, for this limit the region orifices needed to be adjusted for near
equal flow per coolant channel.

After considerable reactor cperating experience, a modification to the
operating limit was propcied (Refs. 1 and 2), which would permit the opening of
a few orifices beyond their uniform flow positions. The objectives of this
modification were to permit reactor startup and operation with a few orifices
inoperable (provided the region temperature mismatch limits of LCO 4.1.7 could
be met) and to facilitate the change from equal flow orifice positions to equal
exit gas temperature orifice positions. The latter objective was in anticipa-
tion of the additional flow which would otherwise be required during startup in
later cycles, when the core power distribution would be more skewed.

Page 3
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Note that this proposed modification did not change or challenge the basis
for the original limit. The new curves ensured that the minimum coolant
channel flow would not be less than that required to meet the original limit.

Recently, the bases and various assumptions in the development of the
laminar flow instability limit were reviewed and several non-conservative
errors and omissions were found. As a result, a reanalysis was performed and
new operating limits defined. This report documents the new analysis.

RECOMMENDED NEW FIGURES

Proposed new limits for LCO 4.1.% a‘e shown in Figures 1 and 2. The
changes that have been made are enumerated below:

1. The effect of different density gases in the upper and lower reflec-
tors has been accounted for. It was thought that this term had been
included in the original analysis (see equation 3 of Reference 4).
However, based on a recent review of the original analysis, it
appears that this term had been omitted (Reference 6). Note also
that the gravity term in this equation is slightly in error (Refer-
ence 7). The correct term is given in the next section.

2. The maximum column to region average power peaking factor (TILT) was
increased from 1.44 (used in the original analysis) to 1.61, to be
consistent with the limit given in LCO 4.1.3 of the Fort St. Vrain
Technical Specifications.

2. The number of coclant holes in the core was increased from 23,550 to
24,133. The calculation for the number of coolant holes is given in
Appendix A.

4. The analysis was performed at the maximum permissible primary coolant
inventory of 107.5% specified in LCO 4.4.1 of the Technical Specifi-
cations. The original analyses had been performed at nominal coolant
inventory.

5. The Reynolds number, used to calculate the friction factor in the
pressure drop equation, was evaluated locally in the coolant channe.l.
Thus, onset of laminar flow instability may be predicted even though
flow entering the coolant channel is turbulent. For the original

analysis, the friction factor for the entire channel had been calcu-
lated using the Reynolds number at channel inlet (see Reference 7).

6. The analysis was performed over a core inlet temperature range from
100°F to 750°F. At each power level, a calculation was performed at
a core inlet temperature of 100°F, and then in increments of 50°F up

Page &
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to 750°F. The most restrictive calculation at each power level was
used to form the limit. It is belived the core inlet temperature was
fixed at 100°F for the original analysis.

In the original analysis, a ratioc of 1.2 had been assumed between the
flow in an average channel and that in the critical channel. In this
analysis this ratio was determined for every core operating condition
considered, by first calculating pressure drop in the average channel
(where the flow is known), and then calculating flow rate in the
eritical channel with this pressure drop.

Note that for the LCO 4.1.9-1 (Figure 1) limit, the relationship
between the flow rates in the two channels is a function of the core
orifice settings. With more open core orifices, the ratio between
the average ana peak power channel flows increases. For Figure 1, an
orifice setting of 20% open for a 7-column region was used. The
reason for this is given in item 8 below.

Figures 3 and 4 show the flow defect factors that were calculated for
the limits given in Figures 1 and 2. The factors shown in these
figures are not always the largest calculated at a given power level.
They are the factors which come from the core inlet temperature for
which the most restrictive limit was derived.

The models which “alate local coolant temperature rise and flow to
total core power and flow (for Figure 1), or to total core power and
region temperature rise (for Figure 2) are develocped in Appendix A.
These are based on the reactor flow diagram shown in Figure 5.
Values for the flow rates and heats in the various flow paths that
were used are given in Table 1. The new values were taken from
Reference 8 and are generally higher than those used in the original
analysis.

As discussed in Reference 8, the core bypass flow fraction is a
function of the degree to which the core is orificed. Also, as noted
in 7 above, the flow detect factors are a function of the degree of
core orificing. For more open orifice positions, the core bypass
flow fraction decrsases but the flow defect factor increases. To
understand the relationship of these twc factors on the laminar
instability limit, an analysis was performed for a range of orifice
positions form 8% t~ 20% open and for a core inlet temperature of
100°F. The results of this analysis are shown in Figure 6. As can
be seen, the most limiting case is with an orifice positicn of 20%
open. Based on this analysis, the LCO 4.1.9-1 limit was developed
for the 20% open orifice position case, and the limit is valid for
orifice settings from 8% to 20% open.

Page 5
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The core bypass flow fractions for this evaluation are given in Table
2. These were obtained by performing a POKE analysis to determine
core pressure drop for each assumed orifice position and then using
the expression for bypass flow as a function of pressure drop from
Reference 8 to determine bypass flow. Note that since bypass flow
fraction is also input to POKE, this analysis had to be performed
iteratively. Also, the analysis was performed at 100% power and
flow, but subsequent analysis at several low power and flow condi-
tions showed the calculated bypass flow fraction is not sensitive to
the assumed core power and {low.

The core bypass flow fraction for the 20% open orifice position case
was also used in the analysis for the LCO 4.1.9-2 limit. This case
was used because, due to the limited range of flow control of the
orifices, closing the orifices beyond 20% open leads to core flow
resistances where the low power (critical) region is necessarily
overcooled.

Relationships were developed to account for uncertainty in these
models anc measurement errors, which were factored into the analysis,
These relationships are also developed in Appendix A. Estimates for
uncertainty in the various parameters are given in Table 1. The
uncertainty estimates are believed to be conservative, given the
considerable operating experience at Fort St. Vrain. In the previous
Figure 1 limit (core flow vs. core power) the minimum core flow had
been increased by 25% as a factor of conservatism. This factor is
larger than that obtained from the uncertainty analysis, by -10% to
15%. In the previous Figure 2 limit no factor of ~onservatism had
been used.

DATA INPUT AND ANALYSIS

The complete expression for the cooclant channel pressure drop that was
used is as follows:
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where
' = inlet loss coefficient

K = exit loss coefficient

Lun = length of the upper reflector

LCT - por;ton of the active core length where flow is turbulent
LCL = portion of the active core length where flow is laminar

Lc = length of the active core (= L )

+ L

CcT CL

LLR = length of the lower reflector

= coolant channel diamster
= ¢oolant channel flow
= Newton constant

= coolant density at channel inlet

2
= ccolant channel area = :2.
4

d
w
g
g = gravitational acceleration
[
A

¥ - Toxltlrinlot

T o= Ttranlrtnlot (an expression for T‘r.nis given below)

L ° Texit/Teran
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al
L}

UR friction factor in the upper reflector

m
.

LR friction factor in the lower reflector

-
.

T friction factor at the active core entrance (if turbulent)

rL = friction factor at the point in the active core where the
flow becomes laminar
= constant in the expression for coclant viscosity (see below)
bL = constant in the friction factor expression for laminar flow
(see delow)
bT = constant in the friction factor expression for turbulent flow
(see below)

This is essentially the same equation as given in Reference 4 (equation
3). The differences are that the friction factor contribution in the active
core has been integrated separately over the turbulent and laminar regimes and
the gravity term has been corrected.

This equation was programmed into a code called LAMSTAB*RJK. Appendix C
contains a listing of the code and a sample input. The analysis in LAMSTAB*RJK
proceeds as follows:

Page 8
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For LCO 4.1.9-1 the circulator flow rate must be greater than a
specified minimum value, which is a function of the core inlet
temperature and the core power fraction. For a given core inlet
temperature, calculations are performed for a range of core power
fractions from zero to where the minimum core flow is such that a core
power to flow ratioc of 1.05 is obtained. Calculations are repeated
for the specified range of core inlet temperatures. The LCO 4.1.9-1
limit of circulator flow rate vs. core power fraction is formed by
taking the caximum flow rate required at each core power fraction over
the range of core inlet temperatures.

For each combination of core inlet temperature are core power frac-
tion, the limiting circulator flow fraction is obtained iteratively.
Initially, a low value of circulator flow is taken and the core
pressure drop i{s calculated. This calculation is repeated with
increasing values of circulatow flow, until the condition producing
dip/dm = 0 is found.

The Ap in the expression above is the coolant channel Ap. To obtain
this value, the total core pressure drop i{s first calculated, using an
average power channel in the core (since the flow rate ii. this channel
is known). Once the total core pressure drop is known, the pressure
drop equation can be solved iteratively for the high power channel to
determine the high power channel flcw. The coolant channel Ap for
this channel is then determined by subtracting the pressure drop
through the orifice.

The flow rate and temperature rise in the average or high power
channel are related to the circulator flow and reactor power as given
in Appendix A. Once flow rate and temperature rise in the channel are
known, the pressure drop equation is solved in a relatively straight-
forward manner. To determine the friction factor, the point of
relaminarization may be calculated as fcllows:

L™
an(tran) -

ndy

where an(tran) = the transition Reynolds number

1] = coolant viscosity
m
" ¥o Teran
Ttran = coolant temperature at transition
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uo.n = coefficients in the coolant viscosity expression

From the Reynolds number equation the transition temperature may be
calculated:

[ N ]1/u
T . .-

tran

tduoﬂnz(trln)

Depending on the channel temperature rise, flow may be wholly
laminar, wholly turbulent or partially turbulent and laminar. If the
flow is partially turbule:t and laminar, the portion of the actlive
core that is turbulent is calculated from:

Tcrnn - Tinlct

Lag = L
CT - B C

exit inlet

then L. =L.~-L

CL c CcT

A similar analysis is performed to obtain the LCO 4.1.9-2 limit, where
the maximum region temperature rise is a function of core inlet
temperature and core power fraction. For this analysis, initially a
high value of region temperature ~ise is taken and then calculations
are repeated with decreasing region temperature rises until the
condition producing dAp/dm =« 0 is found. The critical channel for
this limit is the highest power channe)l in the lowest power region
(because the orifices are adjusted per the region power to produce
equal region exit temperatures, and laminar flow instability is more
sensitive to flow than to power). For this limit, the channel
pressure drop is calculated using an average power channel in the
region, and then flow in the high power channel in the region is
obtained by solving the pressure drop equation iteratively with this
pressure drop.

The data input that were used in the analysis are:

Lun = 46.8 in.
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Lc « 187.3 in.
LLR = 46.8 in.
= 0.625 in.
in = 0.5
Kout = 0.5
Korir = 36.12 (7-column region, 20% open)
R S AL 5
Laminar Turbulent
where fo 16 0.0195
b 1 0.0985
ba
"RE - :::
. en

where g ® 0.00069 lbm/hr-ft

m = 0.674
an(trln) = 2300

[ = 0.229 lbm/ft* (107.5% of nominal)
RPF = region power density peaking factor
TILT = intra-region maximum column power tilt

Fig. 1 Limit Fig. 2 Limit

where RPF 3.0 0.4
TILT 1.61 1.61

As mentioned above the analysis considered a range of inlet temperatures
from 100°F to 750°F. Calculations were made at S0°F increments within this
range. The core power fraction was incremented by 0.002 (0.2%) of full core
power. The analyses was continued until a core power to flow ratio of 1.05 was
reached. In the iteration process to find the minimum core pressure drop, the

Page 11
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Circulator flow was incremented by 0.0001 (0.01%) of 100% circulator flow (for

the Figure 1 limit) and the region temperature rise was incremented by 1°F (for
the Figure 2 limit).

Figures 6 through 8 show the channel pressure drop vs. flow curves for a
few power fractions. The core inlet temperature for these curves was 100°F.
Figures 6 and 7 were generated for the Figure 1 limit of circulator flow vs.
reactor power. The step increase in core pressure drop that is seen in the
coolant channel flow range of 10-15 lbm/hr is caused by the transition from
laminar to turbulent flow in the lower reflector, which causes a step increase
in the friction factor. A similar step increase occurs when the flow in the
upper reflector becomes turbulent. This step is very small (~0.02 psf),
because the flow in the upper reflector becomes turbulent at a lower flow rate,
and is not evident in these figures. The effect of these steps was disregarded
when looking for a minimum core pressure drop.

Figure § was generated for the Figure 2 limit of region temperature rise
vVS. core power. These curves "sweep back" to zero flow because of the effect
of temperature measurement error. As core flow is increased, region tempera-

ture riser become smaller. Eventually the temperature rise becomes egual tc
the potential measurement error.

The curves in Figures 1 which permit the orifices on some regions to be
more open than the others were generated using methods described in References
1 and 2 (some of the factors were available from these references and taken
directly). These factors are given in Table 3. An orifice setting of 8% open
for 7-column regions was assumed in developing the Figure 1 curves where some
orifices are more open than the uniform flow positions. The Figure 1 curves
are then valid for unifcrm orifice settings of 8 - 20% open.

Less restrictive curves may be used in cases where the primary coolant
helium inventory is less than nominal. Figures 10-15 show the Figure 1 and
Figure 2 limits for inventories of 80%, 60% and 40% of nominal. These were

obtained by running the LAMSTAB*RJK code at the specified core inlet helium
densities.

Limits have also been generated for refueiing and are shown in Figures
16-18. Primary system pressure was taken to be less than or equal to 15 psi.
For refueling, two circulator flow vs. core power curv.s have been generated.
The second curve provides a limit when the reflector and fuel elements from one
region have been removed. For this condition, a flow factor was derived,
wherein the total flow required is increased by a factor sufficient to offset
the additional flow through the cavity created during refueling. The
derviation of this flow factor is given in Appendix B.
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GA TECHNOLOGIES 1INKC.

TITLE: LCO 4.1.9 REANALYSIS

DOCUMENT WO. 907212 |iSSUE WO./LTR. &

TABLE 1

Parameter Nominal Value Uncertainty
Reactor leakage flow fraction (rLEAK) 0.07 0.03
Core bypass flow fraction (fb’) 0.12% C.05
Core bypass power fraction (&by) 0.05 Not used
Control rod flow fraction (rcn) 0.025 0.01
Control rod power fraction (Qep) 0.01 ' 0.005
Core inlet temperature (TIN) Variable 10°F
Region exit temperature (TOUT) Variable 50°F
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GA TECHNOLOGIES INC.

TITCE: LCU 0.7.5 REANALISIS

DOCUMENT NO. 407212 ISSUE NO./LTR. &
TABLE 2
Orifice Position Core Bypass
(% open) Flew Fraction
8% 0.185
13% 0.150
20% 0.12%
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FIGURE 6.

LCO 4.1.9-1 (EFFECT OF ORIFICE SETTINGS)
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FIGURE 15. LCO 4.1.9-2
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THE COMSTANTS IN THIS CODE WHICH PELATE CHANNEL FLOW AND
_ TEMPERATURE RISE TO CORE POWER FRACTICN AND CIRC FLOW =

FRACTION (LCO 4+1,9=1), OR TO CORE POWER FRACTION AND REGION

TEMPERATURE PISE (LCO 4a1.9-2) ARE DERIVED IN 8LCQO 4.1,.9

" PARAMETER NT=1500
_ DIMENSION PERACCNT) yDELTRINT) JWFRINT) JFLOCNT) yDELTCUNT),

REANALYSISO, R, Je KAPERNICK, DOCUMENT NO., S07212, 1f7§3.

RPF L ),TILT(g) WFRACINT), DTMIN(NT) ,WwF¥AXINT)
lr(z) 8C(2) . GEYIN(NT),E‘YEX(\T)ob’(NT).

- — —

c_ —— -
c

TREAD(S,2C) KCUR

FLOFACC1CY, TIN”IL(NT).DEFECT(NT).NITEP(NT).
DEFREF(NT) ,DEFR(ANT)

REAL ™, LUR,LLR,LC,LURF,LLRF,LCF,LEF1,LCF2,KIN,KOUT ,KORIF
0‘7‘ "U,“.OUOOQI P':.é?‘, _ P!I'.1~’6I

~ T OR/T3£,3) TTTTeRI1.2627 a0 (NY /LT
_BC(1Y/1.07 AQ(2)/0.C105/ B0(2)/0.09¢5/

T 7E0C/0.07
READCE,10) KORIF,KIN,KOUT .

READ(S,10) DC,LCyDUP,LUR,DLRLLR
aeno(s.15) DEM,TRAN,TIN1,DTEMP,NTEMP

READCS,1C) RPF(1),TILT(Y)
_READC(S,1C) °PF(2),TILT(2)

READ(S,10) (FLOFACCI),I=1,NCUR)

READC(S,10) PINC, TST&RT DTNEW,OTINC,WSTART ,DWINC
READ(S,15) FINCT,FINC2

READ(S,20) ucaf?NhErUL

1T FORPMAT(6F12.5)

15 FORMAT(4LF12.%,18)
2C FORMAT(1216)

SET CORE POWER FRACTICNS FOR WHICH CALCS ¥AY BE pPERFORPED

“AND CONVERT UNITS

c - - -

PFREC(I)EPINC

0O 100 I=2,NT

TPFRACCIY=PEPAC(I=1)+PINC
1’0 CONTINUE

pCF=pC/12.
LCF=LC/12.

TDLRF=EDLR/12.07

TAPEA=PI«DCFe#2.74,0

c-- - - -

DURF=BUF/T12.0
LURF=LUR/12.C

LLRF=LLP/12.0

9
c

START OF LCO Le1+.6-C CELCUALTION
INITIALIZE REGION TEMP RISE LIMIT TO A WIGH VALUE




LAME

Sqw DO 110 I=1,NT

L S DTMINCI)=1000.0

T e 11C CONTINUE

.ée NvAX="

“Se TINETINT ) 4 T
# f. c-------—o-----------------—-----------------------------------
Y ¢ LOCP OVER CORE INLET TEMPERATURES

“te ettt
[ Ze 0o 12 YT{NBs‘I NTEMP i R - T e - R o e I T Jetiel TN
o TINRETINSLER,

«t® PRES'DEN-R-YINRI1LL 0

L3W PELTR(1)=TSTART

3w NUM=1

> ‘._____ C-::-._--O---"""”"""“’------"-"--"-°----'--'-".‘---'--."’"
< Se ¢ LOOP OVER CORE POWER FRACTION UNTIL POWFR/FLOW=1,05
SEw (memcmccccc e e, —.———————————————————————————————
2 " DO 130 I=q9,NT

e NITER(I) ="

Ce NCHK=0
“te __ DEFECT(1)=C.C & dead a. .

i 1 . c----------“---------‘---- -------------------------------.----
3¢ 2 ITEPATE On REGION TEMP RISE TO FIND CRITICAL PRESSURE DROP o i
v c-- [P S ————————— R T T L
T4e_ 14C_ NITER(p)=NITER(I)*1

: :_. c--------------------------------------..--..------------------
T4e . € CALCULATE REGIOM PRESSURE CPOP FRO™ THE AVERAGE POWER CHANNEL
Te c--o---o--- [ ——————————————E R
“fe  DTC=1,015L*%ELTR(I) & 1.015430.9502/0.9758

Tie . e (1,0-S0RTC1 T1E=L+260CN/CELTR(I)2e2,))

‘lw : FLOW=P8775,C«FFRACCI) *kPF () /DELTR(I)

e . *(1,C=SNRT(€,C1E-242565.89/DELTR(I) *=2,))

L  1F(FLCW.GTN.CuAND.LTC.6T.0.0) GO TO 150

2. 3 DELTR(I)=C0,0
iew  DELTR(I+1)=TSTART
:5» NUM=ENUM+1

hw 60 T0 123(C

T TE0 VNINZ (FLOR/AREA) #92 e/ (2o032 2 DEN*SC00.0%%24)

s TEXR=DTC+TINR

29 T XMUSAMU ST INP ey

=32 RYIN=L,O*FLOW/(PI*DCF*xMU)

1w XVYUSANUSTEXP ™

e RYEX=L,CFLOW/(PI*DCFoXMY)

4 LIN=1
JLw LEXx=1

5w - IFCRYIN,GT.TPAN) LINED

Le IF(RYEX4GT.TPAN) LEX=Z
7 TUR=L I*AC(LIN) *RYINe o (=BOCLINYY*(LURF/DURF)
3% IFCLINJNELLEX) GO TO 160

o TIUSTEXR/TINR
e L TCBA.u-AO(LIN)'QYIh"(’EO(LXN))'(LC?IDC')

1 - T R(TAUS (MeBCCLINY+2.0) =1.0)7C(TAU=1.0) s (Mo O(LIN)+2. )Y
. 2® G0 T0 17C

“3e  1E&0 CONTINUE

4w TTRANZC (L J*FLOW) /CAMUTRAN®PI*DCF))wn(1,0/M)

e LCFI=(TTRAN=TINR) J(TEXR=TINR) *LCF

i LCF2=LCF=-LCF1

L7 "TAUSTTRAN/TINR ' .
sS
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TCI1=6 0o A0CLIN) #YINw o (=30 (L IN))*(LCF1/DCF)
. *(TAU»«("+»EC(LIN)+2,0) «1,C)/(C(TAYU=1.0)»(m*BR(LINI*+2.C))

TAUSTEXR/TTRAN
YC‘:(YTRANITXNR)-C.O-AC(Lgx)-Tth"(—Eﬂ(LEX))'(LCFZIDCF)

o *(TAUS®(PeBL(LEX)*Ze0) =1.2)/C(TAU=T1.0)*(M*BO(LEX)+2.0))

TC=TC1+TC2

1’” TAUSTEXR /TINE :
TLR=TAU L O*AQ(LEXY) *RYEX *wo(=BTC(LEX))* (LLRF/DLRF)

TREST=2 ., Co(TAU=1 ,C)+KINSKQUT*TAU
_ TOGRAVEDEN*(LURFSLLRF/TAUSLCFALCG(TAU)/(TAU=-1.0))

DPCI)=VHIN®(TURSTC+TLR+TREST)=TGRAV

c - . .-

¢ CALCULATE FLOW RATE IN THE CRITICAL CHANNEL

C - -~ -~ -~~~

TTE2=1,0
FINC=FINCY

2C DPCRSV=1,0E®
T FLOCI)=FLOW/F2

PELTC(I)=0TCoTILT(Z)*C.02SE=F2
VEINS(FLC(I)/AREA)®*2,/(240%32,2#DEN"240C,0*2,)

TEXR=PELTCCI)+TINR
XVUSAMUeTINReep

CREYINCII =4 2%FLOCI)/CFI*DCFoXMY)
XMUSANYSTEXDenw

REYEXCI) =L 0%FLOCI)/(PI*DCF*X™U)
LIN=1

LEX=1

IFCREYINCIDAGTLTRAN) LIN=2

"xr(nngx<x).ar TRAN) LEX=2
1vnc£.O'A“(LxN)'QEY!N(I)"(-E”(LIN))'(LURFIDURF)

IFCLINSNELLEX) GO TC 203
TAUSTEXR/TINR

TC=4 0o ACCLIN)*REYINCI)# o (=BO(LIN)Y*(LCF/OCF)
o *(TAUS*(PeBT(LINI+Z,0) =1.0)/C(TAU=1.0)*(M*BOCLIN)+2,.0))

— —— e

60 TO 210
27C CONTINUE

TTRANZ( (L, 0%FLOCI) )/ CAMUSTRANSPI®DCF))weC1,0/ M)
LCF1=(TTRAN=TINR) /(TEXR=-TIKR)*LCF

LCF2=LCF=LCF1
__ TAU=TTRAN/TINR

. *(’AU"(”'P”(LIN)OZ C) =1.0)/7(C(TAU=1,0)+(r+BC(LIMI+2.0))

TAUSTEXR/TTRAN
TCC=(TTRAN/TINR) &L CoACCLEX) « TRAN®* (=BO(LEX)) «(LCF2/DCF)

e *(TAU»*(¥eBOILEX)*2,0) =1.0)/C(TAU=T.0)*(M*30(LEX)+2.0))
TC=TC1+TC2

210 TAUSTEXR/TINR
TLR=TAU* &L JO*ADCLEX) *REYEX(I) #o(=BOCLEY))* (LLRF/DLRF)

TREST 2 s Lo (TAU=T.0)*K IN*KOUT*TAU
TERAVEDEN*(LURFSLLRF/TAU+LCF=ALOG(TAU)/(TAU=-1,0))

-

i - " CHMECK ON FLOW RATE CONVERGENCE

DPCRITEVHIN®(TU T+ TC*TLR+TREST)=TGPAY

c -

c T —— - - -~

LA R

TF(DPCRITSLT0PLTY)Y GC TO 240
IFCOPCRIT.GT.EPCRSV) GO TO 250

DPCRSVE=DFCRIT .




ke 07127

ise F2=F2+FINC

T PR 6t 10 23¢ PR L
Se 240 IFCFIMNCLLTLFINCT) GO TO 26C

L AR F2=F2<-FINC . L. B RN
- %e FINC=FINC2

%o 50 10 22€C =
el c------------—-------------- -
e ¢ CHECK ON CRITICAL CORE PRESSURE DPOP CONVERGENCE - -
“1e C G0 TO NCHK=T TC 3E SURE TO SKIP STEP INCREASES IN PRESSURE
“i« € __DROP DUE TO TRANSITION TO TURBULENT FLOW IN THE UPPER AND
“Se C LOWER REFLECTORS

Te T 28C TF(NITER(I).EC.1) GO Y0 250

“Ta TIOR3 .0C.0PSAV.ANS.IL0022.08.0L08AYY NCnvenCured

e T IF(NCHK.EG.TY) GO TO 180

i 250 FLOSAVE=FLOLI) -

Te DPSAVEDP (])

L DELTR(I)=DELTR(II=DTINC

Te T60 TO 14C

-t c------q--‘“----.ooc----&- S TR R - - - -

s € 1F COMVERGES ON FIRZT OPPORTUNITY, MAY NOT MAVE STARTED

se € THE ITERATION IN THE UNSTABLE REGIME DL Y L g e
e 180 IFCCNITER(ID=NCuK).GT.1) GO TO 270

e TDELTR(IISDELTR(I)+S, Oocvxncootnzu

e _ _NITER(I)=C L s e et . TR TR
-te "NCHE=C

Te GO TO 140 ‘ e ) - »

Te 27C DEFECT(I=FLOW/FLO(I)

130 DELTR(I*1)=DELTR(I)+DTNEW

“Se CTSL=DELTR(I)/710.0

ﬁ » c - ------------

“Te T € T CHMECK IF POWER/FLOW > 1.05 -
.- 3. c----------.—-.-- O----------------..----..------..-------..---

‘3w ; IFCCTSL.LT.1.05) GO T0O 280 ; i
e DgLTI(!)l71C.O'*.CS

“Te ITEm=]

) ?. c----------”--‘---------------------------..-----------------.

% | I - " PER PSC REQUEST, TAXg LIMIT OUT TO AT LEAST 15X POWER
~ ;. c-- -~

“feT T 200 IF(PFRACCITEM).GE.Q.14899) GO TO 0.~ — 7
Lhw ITEM=ITENS -
Te NUMENUM+1
S DELTRCITE®)=710.0¢1.05 -
e . TR0 Y0 290

“le 2°0 NUM=NUM+1
‘17T 130 CONTINUE
‘2w 30C CONTINUE
‘I ’ PXITEX=MAXCCITEM,PXITEM)

e _ IF(NPRT,.EG,0) GO TO 320 i 2L T
‘e ¢ PRINT RESULTS FOR EACH CORE INLET TEMPERATURE
"' c:.—— - - - -----.--.._.--------------..;:::.-------------
“ie WRITECS,2¢) TIN,PRES, TRAN
e 25 roau‘f('fn‘ﬁ" TIN = “,F5.17” PRES ® "FSe1/” REYIR ® ", FSR77Y
L. 11=1
o [2=PINO (S0, NUM) 2 S RN e
s?




‘_L»i}'“ Yy .'~'*"7q_—_ _____

WRITEC(S,20) (PFRACCIZ ZOELTROI),FLOCT) JDELTCCI),REYINCY),
REYEX(I) DEFECTCI),DPCI) NITERCID,1211,12)

FORMAT(® PFRAC DELTR FLOW DELTC REYIN REYEX DEFECT”
.’ P P.ITEF'/(F7.3.‘3.1,FE’.?,‘Ep1.2F?.C.F5.3,
F$.3,16)) '

11=11+50

IFCTI1.6T.NUM) GO TO 3¢

12:”1&"('7¢QC'NU§)

WRITE(S,215)

IS FORMAT(TINWY)
G0 T0 31¢
320 CONTINUE
NMAX=MAXD(NYAX,NUM)
c--------------------------------------------------------------
UPDATE TEMP RISE LIMIT IF RESULTS FROM™ NEW CALCULATION
(CORE INLEY YE*PEGAYUFE) ARE MORE assrnxcrxve

0 23T INU 1nr
IF(GELTP(I.UV) GT.OTMINCINU®)) GO TO 30
T'Xw(INL”):DELTR(INUP)
TINMINCINUM)=TIN ey
3TC CONTINUE

12C TIN=TINSDTE®? L, T B ' - = G LYl

c------------------—--------

‘ol 10 B

" s

WRITE RESULTS ON FILE FOR PLOTTING
NFAXTSyMAX+T
BRITE(12,40) N™ax1,
WRITE(12,45) NMAXY,
&0 FOPPAT(ICI(GF7 L))
L5 FOP"AY(IC/(&F.’.“))
c--— ....... .-----------------'---"‘--‘-------------------------.

K - " PRINT FINAL LINMIT FOR LCO &, 1592 —  ————— —————————

c--------------------“ .- -

1= - T e S
_ _l2=mINQ(SO,vum)
340 WFITECS,50) (PFRACI(LPILOTFINCLP), YINP]N(LP).LP='1 1¢)
SO FOR™AT(1H1,” PFRAC  DTMIN TINT/C(F7.3,F9,1,F8,.0))
11=211+50 T i T e
IFCIT1.6T.NUY) GO TO 350
S 12=mINDC12+80,NUM) L s e e
GO TO 34C
3SC CONTINUE
c----------_.------------------------------..------------------
€ STARY OF LCO 4.1.9=1 CALCUALTION
¢ INITIALIZE CIRC FLOW FRACTION TO ZERQ

— - -

e

R

En..(PFR-C(LP).LP-..h”Ax)__¢
EFO (DIMINCLP) ,LP =1 ,A¥AX) Mla

L

.
-
~
“

]
|

|

|
|

-
-
-
-
-
-
’.
-
~
W
ks
L
-
-
-
-
.

2 O AN N

r
l

L T O B B R

O JIFPAA IS N -

c----------“- -----—.------- - ------------—-------------
DO 260 I=1,NT
: WFPAXC(I)=C,.0
1+ 560 CONTINUE
‘2 TNWAXED
Te TIN=TINY

9  (eeerecececcccccsceea

2 ¢ LOOP OVER CORE INLET TENPERATURES '

f. CQQQQQQ-------------- ...... -
® & b0 370 1TEMP=1,NTEMP
e TINR=TIN®LE0, e ———




o

N R TRT BT

PPES=DEN=R*TINR/144,.C
__WFRAC(1 =WSTART

NUF =1 ' 3

c - -

c LOOP OVER CCRE POWER FRACTION UNTIL POWER/FLOW=1,05

c -, e e -~

00 IS8T 1s7,%7 oL
CNITVRCI)=C

NCHk=C
___DEFECT(1)=0.0

c-------------.----------------------------------“----Q-----O.

¢ ITESATE O CIRC FLOW FRACTION TO FIND CPITICAL PRESSURE DROP

iy b

c - —— -~

362 NITERCID=NITER(Y)+1

c-------- - O, S -

€ ___CALCULATE CCRE PRESSURE DROP FROM THE AVEPAGE POWER CHMANNNEL

c O -

FLOWZ114 ., 74%uFRAC(II*(1.0-0.0831)

“w o ny

R ) R

—— L ——— ——

L B T I R TR I O I R B I R R O O R O R

* a0
.

. a0 10
LA

' 0
L B B 2

B ———

ntc-7-5.¢z-prpnc(x)IurnAc(1) T 785.62%715,18/0.9358

) e (1.0=SCRT(1071E=b+2,82E=4e (WFRACCI)/PFRACCI))#e24))
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SIGNIFICANT HAZARDS CONSIDERATIONS ANALYSIS

Since the proposed amendment to LCO 4.1.9 serves to define new
operating limits which correct for non-conservative errors and
omissions in the development of the orignial limits, operation of the
facility in accordance with the proposed amendment will not (1)
involve an increase in the probability or consequences of an accident
rravingely evaluated (2) create the noscihility of a neyw or
different kind of accident from any accident previously evaluated, or
(3) involve a reduction in a margin of safety. It is therefore
concluded that the proposed amendment involves no significant hazards
considerations.
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Basis for Specification LCO 4.1.8 Page 4.1-14

An unexpected and/or unexplained change in the observed core
reactivity could be indicative of the existence of potential safety
problems or of operational problems. Any reactivity anomaly greater
than 0.01 aK would be unexpected, and its occurrence would be
thoroughly investigated and evaluated. The value of 0.01 Ak is
considered to be a safe limit since a shutdown margin of at least
0.01 ak with the highest worth rod pair fully withdrawn is always
maintained (see LCO 4.1.2).

Specification LCO 4.1.9 - Core Region Temperature Ris2, Limitina
Condition for Operation

Whenever core inlet orifice valves are set for equal region
flows, the total circulator flow rate shall be above the minimums
given in Figure 4.1.9-1 (at the appropriate helium density and
power level). Whenever the core inlet orifice valves are set at
any positions other than for equal region flows, the measured
helium coolant temperature rise through any core region shall not
exceed the limits given in Figure 4.1.9-2 (at the appropriate
helium density and power level).

If the measured helium coolant temperature rise exceeds the
ailowable 1imits or the minimum total circulator flow rate is not
available, immediate corrective action shall be taken. If this
corrective action is not successful within fifteen (15) minutes,
an immediate orderly shutdown shall be initiated.

When the reactor is already shutdown and it is necessary to
termirate the helium flow for short time periods, the amount of
thermal energy from fission product decay must be sufficiently
Tow to prevent the average core temperature from exceeding 760°F

during the period of no flow.
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Basis for Specification LCO 4.1.9

The intent of this specification is to assure that there is an
adequate helium coolant flow rate through all core coolant channels,
particularly for low power and flow conditions. This is accomplished
by specifying either a minimum total circulator flow rate, or a
maximum core region coolant temperature rise for various thermal
power ievels (inciuding power from decay neat).

Very low helium ccolant flow rates may result in laminar flow
conditions with resultant high friction factors and low heat transfer
film co-fficients and potential for possible local helium flow
stagnation, which could result in excessive fuel temperatures,

The minimum total circulator flow and maximum core region helium
temperature rise limits have been developed based upon a number of
conservative assumptions. The maximum column to region average power
peaking factor was assumed to be 1.61 which is consistent with LCO 4.1.3.
The analysis for full density conditions assumed the maximum permissible
primary coolant inventory of 107.5% specified in LCO 4.4.1. The analysis
was performed for each power level at a core inlet temperature of 100°F,
and then in increments of 50°F up to 750°F. The most restrictive of
these calculations at each power level were utilized to form the limits.
Model uncertainties and measurement errors were factored into the
analysis.

Even with the reactor shutdown, some helium coolant flow must be
provided to remove the heat from fission product decay. The flow must
be sufficient to prevent the helium inlet temperature from exceeding
760°F to prevent damage to the reactor internals. If the flow is
terminated for short periods and the average core temperature does not

exceed 760°F, the helium inlet temperature will be acceptable when the

flow is resumed.
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